ABSTRACT
Epilepsia partialis continua (EPC), defined as a syndrome of continuous focal jerking, is a rare form of focal status epilepticus which usually affects a distal limb and when prolonged, can produce long-lasting deficits in limb function. Substantial electrophysiological evidence links the origin of EPC to the motor cortex, thus surgical resection carries the risk of significant handicap.
We present two patients with focal, drug-resistant EPC who were admitted for intracranial video-electroencephalography monitoring to elucidate the location of the epileptogenic focus and identification of eloquent motor cortex with functional mapping. In both cases, the focus resided at or near eloquent motor cortex and therefore precluded resective surgery. Chronic cortical stimulation delivered through subdural strips at the seizure focus (continuous stimulation 60-130Hz 2-3mA) resulted in >90% reduction in seizures and abolition of the EPC after a follow-up of 22 months in both patients. Following permanent implantation of cortical stimulators, no adverse effects were noted. EPC re-started when intensity was reduced or batteries depleted. Battery replacement restored previous improvement. This two-case report opens up avenues for the treatment of this debilitating condition. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 and repetitive transcranial magnetic stimulation. 7 In addition, recent studies have shown efficay using chronic subthreshold cortical stimulation in patients with focal epilepsy from the primary motor cortex. 8, 9, 10 This report includes the two patients with drug-resistant EPC who underwent permanent implantation of a cortical stimulator system at King's College Hospital. Both patients were admitted for intracranial video-electroencephalography monitoring to elucidate the location of the epileptogenic focus and identification of eloquent motor cortex with functional mapping. In both cases, the focus resided at or near eloquent motor cortex and therefore precluded resective surgery. Permanent subdural stimulation strips were implanted at the seizure focus and connected to a stimulator implanted in the chest. Continuous electrical stimulation with 0.45 ms pulses of up to 3 mA (the strongest pulse parameters allowed by the stimulation system) was applied at 60 or 130 Hz to the areas showing discharges during previous intracranial monitoring. These stimulation frequencies were chosen based in our experience 
times per week). iv) Commencing as type two and three but progressing to generalised tonic-clonic convulsions (2-3 times per week).
Clinical Examination: The patient showed continuous jerking of the left leg, particularly involving the toes, associated with hypertonia in the left leg. A left spastic gait was also noted.
Neuroimaging: A standard epilepsy protocol 1.5T MRI was normal. A FDG-PET study showed a marked reduction of uptake over the right hemisphere.
Neurophysiological EMG assessment:
The study showed normal upper limb central conduction, and delayed central conduction.
Video scalp Telemetry:
The interictal EEG showed continuous theta slowing and frequent epileptiform abnormalities over the right frontotemporal region ( Figure 1E ). During sleep, intermittent bursts of polyspikes were recorded bilaterally over central and frontocentral regions with a right sided emphasis, associated with muscle artefacts. Multiple episodes of simple partial seizures, characterised by intermittent jerking of the entire left lower extremities were recorded. The jerks were more evident with an external stimulus such as touching the Follow up: The patient was seen every month after implantation. From the first month, he reported a reduction (>90%) in the frequency of self-limited seizures, and periods of 30 days without seizures which he had never had before since the beginning of the epilepsy. His gait was markedly improved and he was able to walk without assistance. After 6 months, a change in DBS frequency from 60 Hz to 130 Hz was associated with larger periods without seizures.
After 9 months, EPC re-started when a 20% reduction in stimulation intensity was tried with the aim of saving battery power. EPC resolved when the previous stimulation intensity was resumed. A one-day video EEG performed at 12-month follow up showed no subclinical or clinical seizures and the interictal record appeared much improved compared to previous scalp telemetries ( Figure 1F) , with a significant reduction (>90%) in the incidence of interictal discharges. Sixteen months after implantation the batteries depleted and the EPC restarted. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Using these parameters, the EPC was resolved with a significant reduction (>90%) in the severity and number of the myoclonic jerks. Right arm function was significantly improved, and the patient was able to carry out fine movements previously unseen for years such as drawing and writing. The stimulation was not perceived by the patient.
Follow up: EPC resolved immediately after the onset of stimulation ( Figure 2F ) and the patient was seen every month after implantation. After one month, the patient reported a >90% improvement in the frequency of self-limited seizures. When the stimulator battery depleted at 10 months, EPC restarted and the patient had several episodes of status epilepticus with motor seizures followed by tonic clonic seizures. After replacement of the cortical stimulation battery, EPC resolved and the self-limited seizures were reduced by more than 90%. This effect has been sustained at 22 month follow-up.
Discussion
The two patients included in this study had EPC arising from the primary motor eloquent cortex of the left leg or of the right hand. At present, no other patient has been treated with chronic 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The mechanisms of action of cortical stimulation in patients with epilepsy remain unknown. It has been suggested that cortical stimulation provokes a reversible functional lesion, inhibiting the triggering and/or propagation of epileptic activity from the area of stimulation. 13 Indeed, cortical stimulation with single pulses can provoke long periods of suppression in cellular firing, 14 suggesting that repetitive stimulation at the correct frequency may be able to suppress cortical activity. Furthermore, when cortical stimulation was reduced or stopped there was a period of several hours/days without EPC in both our patients. This may imply that cortical stimulation induces brain neuromodulation, modifying cortical excitability in addition to the suppressing effect of stimulation for seizure generation. Indeed, recent advances in chronic continuous recordings have allowed the development of closed loop methods, where stimulation starts after an impending seizure is detected. 15, 16, 17 Once stimulation achieves control of EPC, closed loop systems will spare battery power and unnecessary brain stimulation during the delay period before EPC re-starts.
Conclusion
We report two cases of medically refractory epilepsia partialis continua responsive to 
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